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Abstract 
Paramedic services in the developed world face several problems, often manifesting in unavailability of 
ambulances, and other negative effects. Paramedic services are innovating with new service delivery 
models and technologies, yet the evidence that guides paramedic services in these processes is lacking. 
The purpose of this paper is to determine how paramedic services innovate, and how that innovation is 
influenced by technology in particular. This research integrates the Dynamic Capabilities, IT Capabilities 
and Health Informatics Competencies approaches in a multilevel model to understand this issue in a 
sample of Canadian paramedic services (n=43). The results suggest that paramedics with higher 
competencies related to identifying areas for technology understanding and application contribute to the 
ability of a paramedic service to respond to environmental changes. The relationship between IT and 
paramedic leadership, and the business expertise of the information technology staff also have an impact 
on the ability to change. 
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Introduction 
Paramedicine throughout the developed world is undergoing unprecedented transformation to its service 
delivery model, driven by the need to improve the availability of emergency healthcare resources. These 
changes are driven by the increase in number of available technologies and service delivery models. 
Despite the need to preserve the integrity of one of society’s most important healthcare resources, the 
amount of scholarly activity that is valuable for innovation in paramedicine is low. The purpose of this 
paper is to determine how paramedic services innovate, and how that innovation is influenced by 
technology in particular. This first section provides an overview of the changes taking place in 
paramedicine. Second, an overview of the theoretical approach and model is presented. The third section 
outlines the qualitative methodology used in this research, followed by the results and discussion. 
Background – Problems and Emerging Changes in Paramedicine 
Paramedic services in the developed world face several problems, which compel them to innovate. These 
problems often manifest in medically unnecessary transports (Billittier et al. 1996), offloading delays in 
Emergency Departments (EDs; Drummond 2002), or excessive use of paramedic services by specific 
individuals (Norman et al. 2016), contributing to unavailability of ambulances (Browett 2011). To address 
these problems, two general approaches that can be taken, although these approaches are not mutually 
exclusive. First, the paramedic service may introduce new service delivery models that differ from the 
traditional model characterized by responding to calls, administering treatment to patients on scene as 
needed, and if needed, transporting them to EDs for further treatment (Dick 2003). Many of the newer 
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service delivery models employed by paramedic services utilize paramedics in a non-emergency manner 
to reduce utilization of 911 calls, paramedic deployments and/or transports, in a manner that is locally 
relevant. This may entail the deployment of paramedics in remote clinics (Blacker et al. 2009; Picard 
2014), nursing homes (Moulton 2011), provide paramedics with the tools to perform follow-ups (Browett 
2011), or divert calls from an ED to a more suitable healthcare resource (Olynyk et al. 2010). 
The second approach taken by paramedic services is to adopt new technology. These new technologies 
include electronic patient care reports (ePCRs; analogous to Electronic Medical Records; Cohen 2013), 
and associated data mining and business intelligence applications. They also include next generation 911 
(NG911) technologies that enhance the capabilities of both dispatchers and paramedics (Canadian 
Interoperability Technology Interest Group (CITIG) 2016). Finally, these technologies include a myriad of 
devices and smartphone apps that will directly impact the work of paramedics, such as drones  (Katz 
2015), smart defibrillators (Hansen et al. 2014), and many others. 
Gaps in the Research 
Given these challenges, there are several gaps in research to be addressed. The first gap identified pertains 
to the paramedics, who most affected by changes in the currently accepted model of paramedicine. There 
are many models that have examined various concepts related to the use of technology by a variety of 
healthcare professionals in the healthcare context, both for clinical and non-clinical purposes (Hu et al. 
1999; Liang and Wu 2010; Timmons 2003). Paramedics have infrequently been the subject of these 
topics. Although concepts that capture attitudes towards technology have contributed much to the field of 
information systems, the shortcoming is that none of these concepts capture the knowledge and skills 
needed by these healthcare professionals to facilitate innovation and change, with technology as part of 
the context. These skills and knowledge may entail much more than just the appraisal of a single 
technology, or the confidence that one can use technology.  
Second, there is a lack of research that addresses innovative change in paramedicine from the 
perspective of the healthcare organization. Although many benefits can result from change and 
technological innovation in healthcare (Eysenbach 2001), it is difficult to introduce change due its 
complexity, potential dire results for mistakes, and other factors. Various organizational models for 
guiding quality improvement have been applied in healthcare contexts (eg. Antony et al. 2012; Berwick 
2003; Singh et al. 2011; Sittig and Singh 2010). However, there seems to be a lack of research that has 
applied any of these models in the paramedicine context.  
The following research questions will guide this research, focusing on three pertinent themes related to 
the ability to innovate: 
RQ1: Does a healthcare organization’s ability to change and integrate with other 
organizations influence its ability to innovate? 
RQ2: Do IT Provider related capabilities influence a healthcare organization’s ability to 
innovate? 
RQ3: Do the technology-related knowledge and skills possessed by healthcare workers 
influence the ability of their respective healthcare organizations to innovate? 
Theoretical Approach 
This research integrates several theoretical approaches. First, Dynamic Capabilities (DC) focuses on the 
organizational routines that reconfigure operational processes to address changing forces in the 
environment, and their contribution to performance (Eisenhardt and Martin 2000; Teece 2007; Teece et 
al. 1997). Building on Teece (2007; 1997), Pavlou and El Sawy (2011) propose a general framework and 
formative construct containing four dimensions of DC. Sensing includes routines that sense important 
changes in the environment. Learning entails the contextualization of new knowledge to operational 
processes. Integrating entails the sharing of new knowledge throughout the organization. Coordinating 
involves the coordination of resources to affect change. 
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Second, the Competencies approach (McClelland 1973; Mirabile 1997) entails evaluation of employees 
based on skills and knowledge needed to occupy a defined role. This approach has been used to broadly 
capture the skills and knowledge needed by healthcare staff to use technology and information in 
healthcare. This is referred to as Healthcare Informatics Competencies (HICs), and most notably has been 
applied to nursing (eg. Hunter, McGonigle, & Hebda, 2013).  
Third, IT Capabilities refer to the organizational processes related to the exploitation of technological 
resources in the control of the firm (Bharadwaj 2000; Grant 1995). This is an adaptation of the Resource 
Based View (RBV) of the firm used to explain the importance of several relevant capabilities associated 
with ensuring the effective use of technology in the firm (Kim et al. 2011; Wernerfelt 1984). This study 
focuses on only two relevant IT Capabilities. Relationship Infrastructure refers to the quality of the 
relationship between paramedic leaders and IT leaders, with respect to trust, respect and sharing 
responsibility for the success of IT projects (Ross et al. 1996). IT Business Expertise refers to the domain-
related expertise possessed by the IT department (Sambamurthy and Zmud 1997). 
Model Development 
Several hypotheses are presented to answer each of the research questions. RQ1 will be addressed by 
Hypotheses 1 and 1a, RQ2 will be addressed by Hypotheses 2 through 3, and RQ3 will be addressed by 
Hypotheses 4 through 6. These hypotheses are described below. 
Performance 
The first hypothesis refers to the ability of the DCs of the organization to impact firm performance. This 
key hypothesis in the RBV and DC literature (Eisenhardt and Martin 2000; Teece et al. 1997), has been 
supported in diverse contexts (Chen and Chang 2013; Loefsten 2014; Pavlou and El Sawy 2011). 
Performance here is adapted from the Service Innovation Performance (SIP) variable (Menor and Roth 
2007), which captures the degree to which companies believe that they successfully implement services 
that match their customers’ needs better than their competition. Therefore: 
H1: Dynamic Capabilities positively impact Service Innovation Performance. 
Integration with Other Healthcare Services 
Given that some argue for the relaxation of exclusivity when it comes to medical scope of practice (Epstein 
et al. 1998), it is plausible that initiatives from paramedic services will implement programs that compete 
with other healthcare providers, yet the spirit of many of these innovations is to seek out ways in which 
integration can be achieved with other healthcare providers (Paterson et al. 2006). Integration with other 
community partners has been linked to operational (Wong et al. 2011) and strategic (Sanders 2005) 
performance. Therefore:  
H1a: Integration with other healthcare organizations amplifies the relationship between 
Dynamic Capabilities and Service Innovation Performance. 
IT Capabilities 
The Integrating Capabilities of the paramedic service will also benefit from a good Relationship 
Infrastructure between the IT and paramedic leadership. An outcome of Integrating Capabilities is a 
coherent shared mental model among all employees (Teece 2007). A healthy relationship infrastructure 
allows for knowledge to be more effectively accessed and shared between IT and functional leadership 
(Martin 2010; Tsai 2001). Therefore: 
H2a: Relationship Infrastructure positively impacts Sensing Capabilities. 
The quality of this relationship between IT and paramedic leadership will influence the quality of the 
shared model with respect to its understandability among frontline staff (Zahra et al. 2006). Therefore: 
H2b: Relationship Infrastructure positively impacts Integrating Capabilities. 
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Business domain knowledge of the IT staff has been linked to the success of IT projects (Fisk et al. 2010; 
Tesch et al. 2009), competitive advantage (Bhatt and Grover 2005), organizational IT-dependent strategic 
agility (Fink and Neumann 2007), process oriented DCs (Kim et al. 2011), and intention to form 
partnerships with business clients (Bassellier and Benbasat 2004). It is believed that the IT staff business 
expertise can assist the organization in forming and understanding a shared mental model of changes. 
Therefore: 
H3a: IT Business Expertise positively impacts Integrating Capabilities. 
It is believed that an organization whose IT staff have a higher business expertise will enhance the ability 
of the organization to apply their skills to tasks as needed. Given that IT Business Experience is shown to 
impact success of IT projects (Fisk et al. 2010; Tesch et al. 2009), competitive advantage (Bhatt 2003; 
Bhatt and Grover 2005), organizational IT-dependent strategic agility (Fink and Neumann 2007), it is 
assumed that the effectiveness of efforts to coordinate change will be enhanced by the ability of IT staff to 
understand contextual issues in times of change. Therefore: 
H3b: IT Business Expertise positively impacts Co-ordinating Capabilities. 
Healthcare Informatics Competencies 
Before hypotheses involving informatics competencies are presented, factors in the dataset must be 
detected, and their emergence to the group level must be assured. An Exploratory Factor Analysis (EFA; 
Bryant and Yarnold 1995) was performed on the HIC items with the responses from paramedics who 
participated in the study to discover HIC factors (more details regarding the collection of this data are 
detailed in the Methodology sections, below). The sample size (n=502) is regarded as suitable to produce 
stable results (Guadagnoli and Velicer 1988). The Kaiser-Meyer-Olkin (KMO; Kaiser 1970) measure of 
sample adequacy (KMO=0.97) and Bartlett’s (1954) test of sphericity (p < 0.000) both suggest that EFA is 
suitable for this dataset. Missing cases were deleted pairwise, and varimax rotation was used. Three 
factors with eigenvalues greater than 1 emerged, explaining 50.19%, 6.98% and 5.55% of the variance, 
respectively. These factors were labeled “Technology Application Competencies” (TAC), “Understanding 
of the Workings of Technology” (UWT), and “Information Processing Competencies” (IPC) respectively. 
The Intraclass Correlation (ICC(1) and ICC(2); Shrout and Fleiss 1979), and the within-group agreement 
(r(wg); Bliese 2000) were calculated to ensure that the factors emerged to the group level. All average 
r(wg) (TAC=0.73; IPC=0.72; UWT=0.78) exceeded the recommended threshold of 0.7 (Bliese 2000). 
Some of the ICC(1) (TAC=0.03; IPC=-0.06; UWT=0.09) and ICC(2) (TAC=0.11; IPC=-0.26; UWT=0.28) 
values are below previously published thresholds of 0.06 and 0.5 (Liao and Chuang 2004). The 
researchers still proceed with aggregation, considering that wide natural variance in cluster sizes can 
result in a negative ICC (Hox 2002), and the recommendation to consider all factors when aggregating, 
including the strong r(wg) result. (Dixon and Cunningham 2009). The limitations herein are 
acknowledged.  
Technology Application Competencies 
Technology Application Competencies captures the proficiencies related to the ability to identify various 
applications of technology. Current evidence related to DCs in healthcare credits the individual’s ability to 
appraise technology against current workflow in implementing new technologies, which in turn improves 
process outcomes (Davison and Hyland 2002; Hyland et al. 2003; Singh et al. 2011). Indeed, 
environmental information comes into the organization via individual organizational members 
(Cadwallader et al. 2010; Hargadon and Sutton 1997; Singh et al. 2011), where it can then be appraised 
and acted upon. It is theorized that group-level TAC will impact Sensing Capabilities because an 
organization with more staff that have a higher ability to understand what and where technology can be 
applied for improvement. Therefore:  
H4a: Technology Application Competencies positively impacts Sensing Capabilities. 
H4b: Technology Application Competencies positively impacts Learning Capabilities. 
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Information Processing Competencies 
Sensing Capability includes routines pertaining to surveying the environment for opportunities (Teece 
2007). This can entail seeking for new technologies, potential areas for new service delivery models, and 
new health threats to the population. Detecting environmental phenomena as well as contextualizing 
information may involve a degree of research for the paramedics, as knowledge such as the emergence of 
opportunities or problems in the environment may need to be communicated to leadership or potential 
project sponsors, which the IPC factor seems to capture. Therefore:  
H5a: Information Processing Competencies positively impacts Sensing Capabilities. 
H5b: Information Processing Competencies positively impacts Learning Capabilities. 
Understanding of the Workings of Technology 
The UWT factor captures some fundamental technical skills. This is important, as technical knowledge is 
necessary for the ability to recognize opportunities (Nonaka and Toyama 2007), implying that this would 
be a precondition to the members of an organization understanding how new technological innovations in 
the environment work. Therefore:  
H6a: Understanding of the Workings of Technology positively impacts Sensing Capabilities. 
Organization-level capabilities related to integrating knowledge from among many organizational 
members may be assisted by paramedics with a higher understanding of technology. As a shared group 
level knowledge is an output of integrating capabilities (De Boer et al. 1999), pre-existing knowledge 
among the intended users regarding technology should assist in this process (Cohen and Levinthal 1990). 
Therefore:  
H6b: Understanding of the Workings of Technology positively impacts Integrating 
Capabilities. 
With healthcare professionals, previous experience with technology is shown to have various attitudinal 
benefits that assist the implementation of technology and the associated changes (Ammenwerth et al. 
2003; Dixon and Stewart 2000). When tasks are assigned and labour is deployed, and technology is 
involved, understanding how technology works may reduce resistance to change among those using the 
new technology. Therefore, the following is theorized: 
H6c: Understanding of the Workings of Technology positively impacts Co-ordinating 
Capabilities. 
Methodology 
Participants and Instruments 
The Paramedic Leader population is defined as those that are currently in leadership positions at 
Canadian land-based paramedic services. Paramedics were recruited through the regular communication 
channels at participating services, such as message boards, email lists, posters and listservs. For 
Paramedic Leaders, the questionnaire contained items adapted from Pavlou & El Sawy (2011), 
Narasimhan & Kim (2002), and Kim et al. (2011). As per Bhatt et al. (2010), a scale was constructed for 
Relationship Infrastructure, based on Ross et al. (1996). For Paramedics, the HIC questionnaire was 
adapted from O’Carroll (2002). All instrument items were validated by several academics and 
practitioners, and a pair of paramedic leaders and paramedics also piloted the test before deployment. 
Results 
Data collection took place between November 2014 to April 2016. Requests were made to 188 Canadian 
land-based paramedic services to participate in the study, via email and telephone. 64 attempts were 
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made, and 53 services completed the questionnaire. Of these, 43 questionnaires were usable and therefore 
retained for the study, each participant responding per paramedic service. This meets the power 
requirement (f2=0.35, ρ=0.8, α=0.05). Out of these services, 502 paramedic responses were completed. 
Table 1 (below) details the demographics of the paramedic services and paramedics.  
Paramedics (n=502) 
Province Alberta (43) Manitoba (58) Newfoundland and Labrador (14) Ontario (333) 
Saskatchewan (44) Blinded Territory (10) 
Gender Male (335) Female (156) na (11) 
Experience Mean: 11.8 years. Standard Deviation: 8.9. Min: 0. Max: 37. 
Paramedic Leaders (n=43) 
Province Alberta (2) MB (5) Newfoundland and Labrador (3) Ontario (24) Saskatchewan (8) 
Blinded Territory (1) 
# Staff Mean: 195. Standard Deviation: 217.8. Min: 17. Max: 960 
Staff Hours Mean: 221,798. Standard Deviation: 393,780. Min: 13,000. Max: 2,080,000. 
Table 1: Description of sample. 
Measurement Model 
WarpPLS 5.0 was used to estimate the measurement model, as it can assess non-linear relationships 
(Kock 2015), which were found to be present in the data. The measurement model was refined according 
to Hair et al. (2013). Several indicators were dropped as their cross-loadings were higher than their 
component loadings, including: learn2, learn3, integrate2, integrate3, coordinate4 and coordinate5. 
Two items with loadings less than 0.708 were removed after it was found that their deletion improved the 
AVE and Composite Reliability of their respective variables: relinf4 and relinf5. The AVEs for each 
construct are all greater than 0.5. which also suggests a sufficient level of convergent validity. 
Structural Model 
The final model using PLS Regression with the Warp3 algorithm satisfies the overall model fit criteria 
(APC=0.298, p=0.009; ARS=0.415, p < 0.001; AARS=0.379, p < 0.001; ABVIF=1.965 < 3.3; 
AFCVIF=2.947 < 3.3) (Kock 2015). As all block VIFs are below the 5.0 threshold, it is assumed that 
collinearity is not an issue (Hair et al. 2013).  
Figure 1 (below) summarizes the structural model. 
Discussion and Conclusion 
The purpose of this paper is to determine how paramedic services innovate, and how that innovation is 
influenced by technology in particular. Addressing RQ1, the hypothesized relationship between DCs and 
SIP was strongly supported, and this is a finding that is found elsewhere in the literature (Chen and Chang 
2013; Pavlou and El Sawy 2011). Addressing RQ2, the hypothesized relationship between Relationship 
Infrastructure and Integrating Capabilities is significant, suggesting the relationship is utilized by the 
paramedic leader is valuable when the organization is selecting and communicating planned change, but 
it is not an important resource for learning about new innovations. As well, IT Business Expertise is a 
significant antecedent to Coordinating Capabilities, suggesting that interaction between paramedics and 
IT staff matters are most involved when system changes are actually happening.  
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Figure 1: Structural Model Test Results. 
 
The support of some of the hypotheses that address RQ3 suggest that some healthcare informatics 
competencies shared among paramedics support some organizational capabilities more than they do 
others. The factor labeled TAC was significantly related to Learning Capabilities, suggesting that the 
ability for workers to identify opportunities for improvement with technology will assist when relevant 
models for potential improvement are being contextualized to the organization. The factor labeled was 
significantly related to Sensing and Co-ordinating Capabilities, suggesting that understanding of 
technology by healthcare workers is important when gathering information about new innovations, and 
implementing them. The IPC factor seems to have no significance in this context, as it appears that 
performing research on topics, presenting information, and associated tasks are neither a normal part of 
the paramedic’s work duties, nor do they contribute to organizational innovation. 
Limitations to the study include the use of self-selected participants and policy barriers to deploying the 
study in certain regions, the use of a pre-existing HIC model not designed for paramedics, and the 
aforementioned statistical limitations. This study underlines the importance of particular HICs of 
healthcare staff to specific aspects of organizational performance to both researchers and practitioners, 
and sets a precedent for linking individual HICs to organizational performance measures. 
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